: Diversity and genetic structure of Ornithogalum L. (hyacinthaceae) populations as revealed by Vol 47, No. 1,[275][276][277][278][279][280][281][282][283][284][285][286][287][288] Random amplified polymorphic DNA (RAPD) PCR method was used to assess the level of diversity and genetic structure in Ornithogalum L. populations from Serbia and Hungary with the main goal of improving the knowledge of this genus in the given region. The material was collected from 19 populations and identified as two morphologically similar and phylogenetically close taxa: O. umbellatum L. 1753 and O. divergens Boreau 1887. All ten RAPD primers used for the analysis gave PCR products, with length between 3000bp and 300bp. There were 101 amplified fragments in total; number of polymorphic bands per primer varied between seven and 13. Percentage of polymorphic loci was 96% in total and 12% in average in each population. Genetic variation statistics for all loci also showed that genetic diversity for all populations was 0.29 and Shannon index 0.45, while mean values for these parameters calculated for each population were 0.04 and 0.06, respectively. Analysis of molecular variance demonstrated high population genetic differentiation; however Mantel test showed no significant correlation between geographic distances of populations and genetic distances expressed through population pairwise F ST . UPGMA dendrogram based on Jaccard genetic similarity coefficients showed subclustering and principal coordinate analysis based on Nei and Li coefficients of genetic distances indicated grouping. Analysis of populations genetic structure was in accordance with these results and clearly separated populations of O. umbellatum from O. divergens. RAPDs proved to be a reliable and rapid method suitable for distinguishing genetic differentiation in Ornithogalum, thus could be applied as a useful additional tool in resolving taxonomic problems.
INTRODUCTION
The genus Ornithogalum L. is represented by bulbous monocots with very heterogeneous natural habitats. These geophytes are known as hosts for many insects (HERRMANN, 2002; SPEIGHT, 2012) especially for some hoverflies, whose adults feed on flower pollen and nectar while larvae develop in bulbs (VUJIĆ et al., 2012; ANDRIĆ et al., 2014a) . Certain species of the genus are commercially grown as potted plant crops or cut flowers (JOUNG and ROH, 2004; LITTLEJOHN, 2007) , while some are alien in North America (MAIN et al., 2004; BROSNAN et al., 2010) and treated as weed in Central Europe (HERRMANN, 2002) . There are records of Ornithogalum as an edible plant, being used in human diet in ancient times (OSBALDESTON, 2000) and also as food for animals (ERTUĞ, 2000) . Nevertheless, some parts of certain species were observed to be poisonous (BURROWS and TYRL, 2001 ); however this is considered to be geographically conditioned (FERTH et al., 2001) . Ornithogalum was used in folk medicine (MULHOLLAND et al., 2004; CHEN et al., 2010) and its pharmaceutical potential is currently being investigated (CHEN et al., 2010; WAN et al., 2012; MULHOLLAND et al., 2013) .
Genus Ornithogalum belongs to family Hyacinthaceae Batsch ex Borckhausen 1797 (Order Asparagales Bromhead, subfamily Ornithogaloideae) (MANNING et al., 2009; MARTÍNEZ-AZORÍN et al., 2011) . There are 34 Ornithogalum species recorded in Flora Europaea (ZAHARIADI, 1980) , 13 in Flora of Serbia (DIKLIĆ, 1975) and eight for Hungarian Flora (SOÓ, 1973) . However, the exact number of belonging species of the genus is somewhat a controversial issue, because definition of taxa within this group has been rather ambiguous (MARTÍNEZ-AZORÍN et al., 2011) . There were no detailed taxonomic investigations of these taxa in the studied region so far.
Ornithogalum umbellatum L. 1753 is a type species of the genus, however its intraspecific systematics is not quite clear. It is widespread in Europe, Southwestern Asia and North Africa and introduced in North America. Ornithogalum divergens Boreau 1887 has narrower distribution inclined more towards the south; this primarily Mediterranean taxon is found in Central and Western European ruderal habitats as well as in western Middle East (ww2.bgbm.org; MARTÍNEZ-AZORÍN et al., 2009) . It is mostly considered as species (GARBARI et al., 2003; 2008; MARTÍNEZ-AZORÍN et al., 2009 ) separated from O. umbellatum s.s., although its taxonomic position has been interpreted differently. It was considered a synonym, subspecies, variety and a hexaploid form of the polyploid complex of O. umbellatum (MARTÍNEZ-AZORÍN et al., 2009) . O. umbellatum and O. divergens are presented as separate species (of subgenus Ornithogalum) in the Flora Europaea (ZAHARIADI, 1980) ; however O. divergens is described as a subspecies of O. umbellatum in both Serbian and Hungarian Flora (SOÓ, 1973; DIKLIĆ, 1975) . Many authors realized the need for a revision, especially in O. umbellatum s.l. (HERRMANN, 2002; GARBARI et al., 2003; 2008; MARTÍNEZ-AZORÍN et al., 2010) and they were dealing mostly with morphology and karyology of these taxa. Molecular techniques were used primarily for phylogenetic analyses on higher taxonomical levels, namely molecular phylogenetics of subfamily Ornithogaloideae was done based on nuclear and plastid DNA markers (MANNING et al., 2009; MARTÍNEZ-AZORÍN et al., 2011) .
DNA fingerprinting techniques were applied on Ornithogalum plants commercially grown, in attempt to identify the parentage of hybrids; particularly RAPD (Random Amplified Polymorphic DNA) and AFLP (Amplified Fragment Length Polymorphism) analyses were used (JOUNG and ROH, 2004) . MARTÍNEZ-AZORÍN (2008) combined analyses of morphological characters with molecular data obtained by AFLP, in order to clarify taxonomy of Ornithogalum in Spain. RAPD markers were used for preliminary analyses of genetic variability in this genus in the studied region (ANDRIĆ et al., 2009; 2014b) .
Advantages of molecular markers in general, over morphological and biochemical, are that they could be used in any phase of plant life cycle and that environmental factors do not affect them (LISEK et al., 2006) . Specific asset of RAPD is its universal applicability, since it does not require prior DNA sequence information for designing PCR primers (KOVAČEVIĆ et al., 2013) . It is widely used for analyzing the diversity of genetically under-researched taxa. Furthermore, compared to similar techniques, such as AFLP, RAPD is less complicated, more economical, faster and needs smaller amounts of DNA (BARDAKCI, 2001) . The RAPD technique has found a wide range of applications, especially in population genetics, because of its efficiency and rapidity in revealing the DNA-level genetic variation (BARDAKCI, 2001) .
The main goal of this study is to analyze inter-and intrapopulation genetic variability and genetic structure of morphologically similar Ornithogalum umbellatum and O. divergens from natural habitats in southern and southeastern part of Pannonian Basin, using RAPDs. The knowledge of genetic differentiation may contribute to resolving ambiguities in taxonomy of these insufficiently studied taxa.
MATERIALS AND METHODS

Plant material
Plant sampling was carried out during flowering period, in April and May (2008-2013) . Specimens for the analysis were collected from 19 localities in Serbia and Hungary (Fig 1) . Ten plants were taken from each population and voucher specimens were deposited in the Herbarium BUNS at the Department of Biology and Ecology, Faculty of Sciences, University of Novi Sad. All plants were identified a priori based on their morphological characters and determined as O. divergens and O. umbellatum s.s. (Table 1 ). 
DNA isolation and PCR amplification
Leaves were sampled, one for each specimen, and stored at +4°C till DNA extraction. Total genomic DNA was isolated (2 cm of leaf; 50 -100 mg) using the modified CTAB method (PADMALATHA and PRASAD, 2006) . RAPD -PCR marker system was used for genome polymorphism detection. Ten RAPD primers (Operon Technologies Inc., USA) gave clear reproducible banding patterns (Table 2) . Preliminary experiments were carried out to optimize the PCR conditions leading to clear amplification products. RAPD -PCR reactions were done in a volume of 25 µl, containing 1U Dream Taq polymerase (Thermo Scientific), 1× Dream Taq Buffer (with 2 mM MgCl 2 ), 0.2 mM dNTPs, 10 pmoles primer and 100 ng genomic DNA. Amplifications were carried out in a Mastercycler personal (Eppendorf) in 35 cycles using following program: initial denaturation step at 94°C for 5 min followed by denaturation at 94°C for 1 min, primer annealing 36°C for 1 min, polymerization 72°C for 90 sec and a final extension step at 72°C for 10 min. The amplified products were separated by horizontal electrophoresis in 1.5% agarose gels. The gels were photographed under UV light by BioDocAnalyze (Biometra). Product sizes were determined using DNA Ladders: 1Kbp (SERVA) and 100bp (Thermo Scientific). Clear reproducible bands were scored and used for the statistical analysis.
Data analysis
DNA banding patterns were scored for presence (1) or absence (0) of the fragment in each sample and the binary matrix was made. Data were statistically processed using Free Tree (PAVLICEK, 1999) and Treeview (PAGE, 1996) software packages. Genetic similarity among populations was calculated by pairwise comparisons in accordance with JACCARD (1908) . These coefficients were used to analyze the relations among populations and to construct UPGMA (Unweighted Pair Group Method with Arithmetic mean) dendrogram. Bootstrap analysis, with 5,000 repetition value, was used to assess the tree topology robustness. PCoA (Principal Coordinate Analysis) was also performed in order to graphically represent relations among populations, based on NEI and LI (1979) coefficients of genetic distances, in XLSTAT ver. 2014.5.02 (MS Excel. Addinsoft). POPGENE ver. 1.32 (YEH et al., 1999) was used for calculation of genetic diversity parameters: h -Nei's (NEI, 1973) gene diversity; I -Shannon's (1949) information index and p -the percentage of polymorphic loci. Analysis of molecular variance (AMOVA) was conducted in Arlequin ver. 3.5.1.2 (EXCOFFIER et al., 2005) with 10,000 permutations. The same software package was employed for testing the correlation between genetic distances (F ST ) and geographic distances among sampling localities using Mantel test with 1000 permutations.
Genetic structure among populations was assessed using software Structure ver. 2.3.4. (PRITCHARD et al., 2000; FALUSH et al., 2007) . Genotype classes were considered to consist of haploid alleles (OLIVEIRA et al., 2010; PINHEIRO et al., 2012) . The ancestry model of admixture was followed, as well as correlated allele frequencies model. For each value of K, the number of clusters, ranging from one to 10, the Monte Carlo Markov chain (MCMC) simulation was run five times for 20,000 iterations and 20,000 burn-in period. Selection of the most probable number of genetic clusters (K) was made using ∆K methods (EVANO et al., 2005) . For the graphical representation of genetic structure programs CLUMPP 1.1.2 (JAKOBSSON and ROSENBERG, 2007) and Distruct 1.1 (ROSENBERG, 2004) were used.
RESULTS AND DISCUSSION
Genetic structure and genetic diversity within and among the populations of two Ornithogalum taxa were analyzed. Populations TI, SU, HO and NS (Table 1) were a priori identified as O. divergens, based on some morphological characters which separated them from other populations determined as O. umbellatum s.s.
The RAPD analyses of 190 Ornithogalum plants from 19 populations with ten different primers resulted in 101 amplified fragments, 91% of them were polymorphic. The number of detected polymorphic loci varied between primers from seven (OPB06, K15, M02) to 13 (OPC10). Total number of bands per primer ranged from eight to 14 (Table 2) . RAPD-PCR reaction products varied in size ranging 300bp to 3kb.
The total number of amplified fragments by population was between 42 (ZL, HO) and 63 (RT), 51 in average. Parameters of genetic diversity were calculated for each population and for all populations in total (Table 3 ). The percentage of polymorphic loci was 96% in total and 12% in average in each population. The genetic variation statistics for all loci also showed that genetic diversity for all populations was 0.29 and Shannon index 0.45, while mean values for these parameters calculated for each population were 0.04 and 0.06, respectively. These values of genetic diversity parameters were in accordance with the results of the previous study of subgenus Ornithogalum by MARTÍNEZ-AZORÍN (2008) using molecular data obtained by AFLP. Coefficients of the genetic similarity (JACCARD, 1908) of combined data from ten primers were calculated on intrapopulation level (Table 3 ) and the average between genotypes within populations of all localities was 0.891. These coefficients did not differ much among localities; however, higher values were detected in some of the populations determined as O. divergens (the highest value in HO -0.997), as opposed to O. umbellatum (the lowest value in RT -0.745). This could be related to reproductive biology features, considering variation and mixed preferences in respect with different infrageneric taxa belonging to O. umbellatum complex. Namely, O. divergens plants are mostly characterized by vegetative propagation by bulbils, while O. umbellatum s.s. are considered to be insect-pollinated as well, therefore partially outcrossing. Furthermore, selfing species are known for having higher levels of genetic differentiation among populations and lower levels of diversity within, than genetically more variable allogamous plants (NYBOM and BARTISH, 2000; MA et al., 2012; PINHEIRO et al., 2012) .
Results in accordance with these were also shown using AMOVA to calculate proportions of genetic variability for the two analyzed taxa separately; 77% of total variance was found in O. umbellatum (23% within populations), while 91% (only 9% intrapopulation) in O. divergens (Table 4) . Overall, AMOVA showed that considerable level, 65%, of the genetic variability is found among analyzed Ornithogalum populations; 20% between O. umbellatum and O. divergens groups and 15% within the populations of the certain localities (Table 4) . Some studies have indicated that regional and widespread taxa such as these show significantly higher between-population diversity than the ones with narrow geographic range or endemic (NYBOM and BARTISH, 2000) . However, Mantel test between geographic and genetic distances among studied populations has shown that these two matrices are not correlated, as the computed P value was 0.840 (>0.05) (correlation coefficient r=-0.1385). This lack of significant correlation indicates no distinct geographic trend in the disposition of genetic variability (MA et al., 2012) , which is presumably due to the large distribution area of the species.
Values of genetic similarity between 19 populations, obtained by pairwise comparisons (JACCARD, 1908) of combined data based on 101 amplified fragments (data not shown), ranged from 0.74 (SZ-BA) to 0.36 (NS-ZS). The highest values were recorded between pairwise SZ, BA and ME, populations of O. umbellatum from relatively adjacent Hungarian localities, and also for pairwise TI, NS, HO and SU, previously determined as O. divergens. The UPGMA dendrogram based on Jaccard genetic similarity coefficients (Fig 2) showed subclustering, with one cluster consisting of O. divergens populations, with a bootstrap value of 100%. The PCo analysis also gave visual representation of the genetic distance and potential grouping of the analyzed populations. The first two principal coordinates have explained 37.37% (24.10% and 13.27%) of total variability. This analysis also shows that O. divergens populations form distinct group, separated by both axes (Fig 3) . In order to determine genetic structuring among Ornithogalum genotypes, Bayesian clustering analysis was performed. ∆K implied that two is the most probable number of genetic clusters to explain the structuring of analyzed populations (Fig 4A) . This approach assigned all examined individuals to two groups and populations were clearly separated. One group consisted of HO, NS, SU and TI, while all other populations formed the second group, represented graphically in different color (Fig 4B) . These results, which are in accordance with UPGMA and PCoA, undoubtedly divided O. divergens plants from O. umbellatum. function of the number of clusters (K); B) The graphical display of genetic structure for K=2 GARBARI et al. (2003; 2008) , and MARTÍNEZ-AZORÍN et al. (2009; after them, showed substantial morphological differences and different ploidy levels between O. divergens and O. umbellatum taxa. Results of our outgoing analyses suggest that populations TI, SU, HO and NS are different in some of their morphological characteristics which classify them as O. divergens, and furthermore a study dealing with anatomy of these plants has also shown these populations distinguished from those determined as O. umbellatum (ANDRIĆ et al., in prep.) . Although type of research presented here is insufficiently dependable for precise separation of O. divergens from O. umbellatum, RAPDs proved to be a reliable and rapid method suitable for distinguishing genetic variation in Ornithogalum, thus could be applied as a useful additional tool in unraveling taxonomic problems.
Since the morphology of Ornithogalum plants is considered inadequately connected with variations in karyotype, this genus is recognized as particularly complicated from the standpoint of systematics (MERIÇ et al., 2011) . Therefore, any new data could be very valuable, and this is especially true for new information on Ornithogalum taxa from incompletely investigated regions. There are no previous comprehensive studies regarding taxonomy of these plants in the area studied in the present paper. This area is particularly important regarding distribution of these taxa, being part of the Balkan Peninsula and Pannonian Plain regions, which represent geographical connection between Mediterranean populations and those of Central and Western Europe. Mediterranean is considered to be the center of diversity for this group of taxa, from where spreading continued to the Central Europe where currently they primarily occupy anthropogenic habitats (DIKLIĆ, 1975; HERRMANN, 2002; MARTÍNEZ-AZORÍN et al., 2010) .
Survival of the taxa, in terms of adaptation to changing environment, depends upon genetic variation of populations and this richness can be estimated by different genetic diversity parameters (MA et al., 2012 ). On a broader ecological level, information on polymorphism and population structure could resolve uncertainties related to specific plant-insect interactions, such as connectivity between species diversity and pollination and phytophagy, as well as complex spatial and biogeographical relations. By providing an insight into intra-and interpopulation genetic variability of Ornithogalum species, studies like this will contribute to appropriate design of the biodiversity conservation strategies, as well as management of these food plants and insect species which are related to them.
